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64;  Fluorocarbon  ethers  having  substituted  halogen  site(s)  and  process  to  prepare. 
Novel  perhalofluoro  ethers  and  methods  for  preparing the  same  having  generic  formula, 

wherein 
a  is  0  or  an  integer  greater  than  0; 
b  is  0  or  an  integer  greater  than  0; 
m  = zero  or  an  integer  greater  than  zero; 
n  = zero  or  an  integer  greater  than  zero; 
Rf  and  R1  are  each  independently  selected  from 

the  group  consisting  of  F,  Cl,  perfluoroalkyl  and 
fluorochloroalkyl; 
X  =  F,  Cl,  Br,  or  mixtures  thereof  when  n>1; 
X'  is  independently  Cl  or  Br,  or  mixtures  thereof; 

Y  is  an  acid  group  or  an  acid  derivative  easily  convertible 
to  an  acid  group; 
Z =  F,  Cl,  Br,  OH,  NRR'  or  OA; 
R and  R' are  independently  selected  from  the  group  con- 
sisting  of  hydrogen,  an  alkyl  having  one  or  more than  one 
carbon  atom  and  aryl; 
A  =  alkali  metal,  quaternary  nitrogen,  or  R. 
These  compounds  may  be  reacted  to form  various  deriva- 

tives. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  n o v e l  

c l a s s   of  f l u o r i n e   c o n t a i n i n g   e t h e r s   and  m e t h o d s   f o r  

t h e i r   p r e p a r a t i o n .  

U.S .   P a t e n t   3 , 3 0 1 , 8 9 3   t e a c h e s   r e a c t i n g  

w i t h  

to  form  c o m p o u n d s   r e p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a  



w h e r e  

Rf  i s   F  or  p e r f l u o r o a l k y l   r a d i c a l s   h a v i n g   f r o m  

1  to  10  c a r b o n   a t o m s ;  

X  is   F  or  a  t r i f l u o r o m e t h y l   r a d i c a l ,   o r  
m i x t u r e s   t h e r e o f ,   where   t h e r e   i s   more  t h a n   one  X; 

Y  is   a  r a d i c a l   s e l e c t e d   from  t h e   g r o u p   c o n -  

s i s t i n g   of  f l u o r i n e ,   amino ,   h y d r o x y l   and  OMe 

r a d i c a l   w h e r e   Me  i s   a  r a d i c a l   s e l e c t e d   from  t h e  

g r o u p   c o n s i s t i n g   o f  t h e   ammonium  r a d i c a l ,   a l k a l i  

m e t a l s   and  o t h e r   m o n o v a l e n t   m e t a l s ;   a n d  

n  is   a  number   f rom  0  to  1 2 .  

U.S .   P a t e n t   3 , 5 3 6 , 7 3 3   t e a c h e s   t h e   p r e p a r a t i o n  

of   c o m p o u n d s   r e p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a  

w h e r e   Y  is   F  or  C F 3 .  

B r i t i s h   p a t e n t   1 , 5 1 8 , 3 8 7   t e a c h e s   t h e   f o l l o w i n g  

r e a c t i o n s .  



U.S.   3 , 2 8 2 , 8 7 5   t e a c h e s   p y r o l y z i n g   c o m p o u n d s  

h a v i n g   t h e   g e n e r a l   f o r m u l a s  

a n d  

to  form  c o m p o u n d s   r e p r e s e n t e d   by  t he   g e n e r a l   f o r m u l a  

w h e r e  

Rf  i s   F  or  a  p e r f l u o r o a l k y l   r a d i c a l   h a v i n g  

f rom  1-10  c a r b o n   a t o m s ;  

Y  is   F  or  a  t r i f l u o r o m e t h y l   r a d i c a l ;  

n  i s   an  i n t e g e r   of   1 -3 ,   i n c l u s i v e ;  

M  is   F,  h y d r o x y l   r a d i c a l ,   amino  r a d i c a l   o r  

OMe;  a n d  

Me  is   an  a l k a l i   m e t a l   or  q u a t e r n a r y   n i t r o g e n  

r a d i c a l .  

X  i s   a l k a l i   m e t a l  



The  p r e s e n t   i n v e n t i o n   r e s i d e s   in   n o v e l   c o m p o u n d s  

r e p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a  

and  in   t h e   m e t h o d   of   p r e p a r i n g   t h e   c o m p o u n d s   by  r e a c t i n g  

w i t h  

w h e r e i n   a  i s   0  or  an  i n t e g e r   g r e a t e r   t h a n   0 ;  

b  i s   0  or  an  i n t e g e r   g r e a t e r   t h a n   0 ;  

c  i s   0  or  1  p r o v i d e d   t h a t   a  +  b  +  c  #   0 ;  

m  =  z e r o   or   an  i n t e g e r   g r e a t e r   t h a n   z e r o ;  

n  =  z e r o   or  an  i n t e g e r   g r e a t e r   t h a n   z e r o ;  

Rf  and  Rf  a r e   i n d e p e n d e n t l y   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of  F,  Cl,  p e r f l u o r o a l k y l  

and  f l u o r o c h l o r o a l k y l   r a d i c a l ;  

X  =  F,  Cl,   Br,  or   m i x t u r e s   t h e r e o f   when  n > l ;  

X'  i s   i n d e p e n d e n t l y   Cl,  Br,  or  m i x t u r e s   t h e r e o f ;  

Y  is   an  a c i d   g r o u p   or  an  a c i d   d e r i v a t i v e   e a s i l y  

c o n v e r t i b l e   to   an  a c i d   g r o u p ;  
Z  =  F,  Cl,   Br,  OH,  NRR'  or  OA; 

R  a n d   R'  a r e   i n d e p e n d e n t l y   s e l e c t e d   f r o m  

t h e   g r o u p   c o n s i s t i n g   of  h y d r o g e n ,   an  a l k y l  

h a v i n g   one  or  more  t h a n   one  c a r b o n   a t o m ,  

and  an  a r y l ;  

A  =  a l k a l i   m e t a l ,   q u a t e r n a r y   n i t r o g e n ,   or  R .  



P r e f e r a b l y ,   when  Rf;  Rf ;   R,  and  R'  a re   a l k y l  

or  a r y l   r a d i c a l s ,   t h e y   have  from  1  to  10,  more  p r e f e r a b l y  
from  1  to  4  c a r b o n   a t o m s .  

P r e f e r a b l y ,   Y  may o r  

o t h e r   a p p r o p r i a t e   g r o u p s   (as  Z  is   d e f i n e d   a b o v e ) .  

The  compounds   of  t he   i n v e n t i o n   a re   i n t e r m e d -  

i a t e s   wh ich   may  be  f u r t h e r   r e a c t e d   to  form  a  n o v e l  

c l a s s   of  monomers ,   wh ich ,   in  t u r n ,   may  t h e n   be  p o l y m e r -  
i z e d   and  u s e d   in   t he   p r e p a r a t i o n   of  c h e m i c a l l y   s t a b l e  

i on   e x c h a n g e   r e s i n s   or  m e m b r a n e s .  

When  t he   p o l y m e r s   u l t i m a t e l y   d e r i v e d   from  t h e  

i n t e r m e d i a t e s   of  t he   i n v e n t i o n   a re   f o r m e d   i n t o   s h e e t s  

f o r   use   as  membranes   such  as  in  c h l o r - a l k a l i   c e l l s ,   i t  

i s   d e s i r a b l e   to  c h o o s e   Z  so  t h a t   t h e   p o l y m e r s   f o r m e d  

a r e   t h e r m o p l a s t i c   to  a l l o w   f a b r i c a t i o n   by  c o n v e n t i o n a l  

m e a n s ,   such  as  m e l t   e x t r u s i o n .   A f t e r   f a b r i c a t i o n   t h e y  

can  be  e a s i l y   c o n v e r t e d   to  t he   a c i d   or  a l k a l i   m e t a l  

s a l t   of  t he   a c i d .   As  an  e x a m p l e ,   when  Y  =  SO2F  ( Z = F ) ,  

t h e   i n t e r m e d i a t e   is   c o n v e r t e d   to  an  o l e f i n   m o n o m e r  
s t i l l   h a v i n g   t he   -S02F  g r o u p .   The  monomer  is   t h e n  

c o p o l y m e r i z e d   to  form  a  p o l y m e r   c o n t a i n i n g   the   S 0 2 F  

g r o u p   t h a t   can  be  fo rmed   i n t o   s h e e t s   by  v a r i o u s   p l a s t i c  

f a b r i c a t i o n   t e c h n i q u e s .   A f t e r   f a b r i c a t i o n ,   t he   S 0 2 F  

g r o u p   is  e a s i l y   c o n v e r t e d   to  the   a l k a l i   m e t a l   s a l t   o f  

t he   c o r r e s p o n d i n g   s u l f o n i c   a c i d ,   -SO2ONa  (Z=  ONa) ,  

w h i c h   can  be  c o n v e r t e d   to  the   s u l f o n i c   a c i d ,   -S020H  (Z= 

OH),  bv  r e a c t i o n   w i t h   a c i d s ,   such   as  m i n e r a l   a c i d s .  

When  Y  is  c h o s e n   as  -C=N,  a  n i t r i l e ,   t he   above   c o n d i t i o n s  

a re   met  s i n c e   i t   is  w e l l   known  t h a t   n i t r i l e s   a re   c o n v e r t e d  

to  c a r b o x y l i c   a c i d s   by  h y d r o l y s i s .  



When  t h e   p o l y m e r s   d e r i v e d   f rom  t h e   o l e f i n s  

from  t h e   p r e s e n t   i n t e r m e d i a t e s   a r e   to  be  u s e d   in   p a r t i c l e  

or  p o w d e r   fo rm,   s u c h   as  f o r   a c i d   c a t a l y s t ,   i t   i s   n o t  

c r i t i c a l   in   t h e   c h o i c e   of  Z  s i n c e   f a b r i c a t i o n   is   n o t   a s  

l a r g e   a  f a c t o r .   In  t h i s   c a s e ,   Z  can  c o n v e n i e n t l y   b e  

any  of   t he   r a d i c a l s   l i s t e d .   I t   can  be  -OH  so  as  t o  

d i r e c t l y   have   Y  as  an  a c i d   g roup   or  i t   can   be  any  g r o u p  
r e n d e r i n g   Y  c o n v e r t a b l e   to  an  a c i d   g r o u p   by  f u r t h e r  

r e a c t i o n .  

X  is   c h o s e n   f rom  the   h a l o g e n s   C l ,  B r   or  F ,  
w h i l e   X'  i s   c h o s e n   f rom  Cl  or  Br.  W h i l e   i o d i n e   w o u l d  

a l s o   be  u s e f u l   f o r   X  or  X ' ,   f o r m a t i o n   of  t h e   e t h e r s   b y  

t h e   c h e m i s t r y   t a u g h t   h e r e i n   is   h a m p e r e d   by  s i d e   r e a c -  
t i o n s   c a u s i n g   low  or  n o n e x i s t a n t   y i e l d s   to   t h e   d e s i r e d  

c o m p o u n d s .  

When  X '  =   Cl  or  Br  and  X  =  F,  Cl  or  Br,  n e w  

u s e s   and  n o v e l   and  s u r p r i s i n g   new  c h e m i s t r y   r e s u l t s  

f rom  u s i n g   t h e   i n t e r m e d i a t e s   f o r   a d d i t i o n a l   c h e m i c a l  

r e a c t i o n s .   The  p r i o r   a r t   t e a c h e s   t h a t   when  Y  =  S02F,  n  

=  0 ,   M=O,  a n d  X '  =   F  (U.S .   P a t e n t   No.  3 , 5 6 0 , 5 6 8 )   r e a c -  
t i o n   of   t h e   i n t e r m e d i a t e   w i t h   a  b a s e   does   n o t   p r o d u c e  
t h e   d e s i r e d   v i n y l   e t h e r   monomer ,   b u t   r a t h e r   a  c y c l i c  

s u l f o n e   c o m p o u n d .   S u r p r i s i n g l y ,   when  n  =  0,  M  =  O,  Y  = 

S02F  and  X '  =   Cl  or  Br,   r e a c t i o n   of  t h e   i n t e r m e d i a t e  

w i t h   a  b a s e   p r o d u c e s   t h e   d e s i r e d   v i n y l   e t h e r   p r o d u c t   i n  

one  s t e p .   In  a d d i t i o n   to  t h i s   b e n e f i t ,   c h o o s i n g   X  o r  

X '  =   Cl  or  Br  in   c o m p o u n d s   where   m  or  n  >  0  r e s u l t s   i n  

i n t r o d u c i n g   a  p o t e n t i a l   r e a c t i o n   s i t e   i n t o   p o l y m e r s  

u l t i m a t e l y   d e r i v e d   f rom  monomers   made  f rom  t h e s e   i n t e r -  

m e d i a t e s .   When  m  or  n  >  0  b o t h   an  a c i d   s i t e   f o r   i o n  

e x c h a n g e   or  c a t a l y s t   (Y)  and  a  r e a c t i o n   s i t e   f o r  

f u r t h e r   r e a c t i o n   can   be  o b t a i n e d   by  h a v i n g   X  or   X '  =   C l  



or  Br.   In  g e n e r a l ,   m e t a l l a t i o n   r e a g e n t s   s u c h   as  a l k y l  
a l k a l i   m e t a l s   can  be  u s e d   f o r   r e a c t i o n s   on  t h e s e  

r e a c t i o n   s i t e s .  

T h e r e   i s   an  a d d i t i o n a l   b e n e f i t   f o r   h a v i n g  

X '  =   Cl  or  Br .   In  t h i s   c a s e   i t   i s   h e l p f u l   to  have   C l  

or  Br  in   t h i s   p o s i t i o n   f o r   t h e   s u b s e q u e n t   r e a c t i o n s   a n d  

u s e s   f o r   t h e s e   c o m p o u n d s .  

The  v a r i a b l e s   in   t h e   s t r u c t u r e s   have   p r e -  
f e r r e d   v a l u e s   as  f o l l o w s :   n  =  O  -   6,  m  =  O  -   6,  a  =  O  -  

3,  b  =  O -   3.  P r e f e r r e d   i s   n  =  0  -   3  and  m  =  0  -   3 .  

Most   p r e f e r a b l y   n  =  0  or  1  and  m  =  0  or  1.  P r e f e r a b l y  

X  =  Cl,   X '  =   Cl  and  Y  =  Z ' S 0 2 .   More  p r e f e r a b l y   Y  = 

Z'SO2  and  Z '  =   F.  Rf  and  R'f  a r e   p r e f e r a b l y  

F .  

In  d e c a r b o x y l a t i o n s   of   t h e   p r i o r   a r t ,   c o m -  

p o u n d s   of   t h e   t e r m i n a l   f u n c t i o n a l i t y   shown  b e l o w   a r e  

common.  

T h e s e   m a t e r i a l s   g e n e r a l l y   r e q u i r e   h i g h   t e m p e r -  

a t u r e s   and  a c t i v a t o r s   s u c h   as  ZnO  or  s i l i c a   to  a c h i e v e  

r e a s o n a b l e   y i e l d s   to  t h e   d e s i r e d   v i n y l   e t h e r s .  



When  X'  i s   Cl  or  Br  in   t h e   p r e s e n t   i n v e n t i o n ,  

d e c a r b o x y l a t i o n   of   t h e s e   i n t e r m e d i a t e s   to   v i n y l   e t h e r s  

has   b e e n   f o u n d   to   p r o c e e d   u n d e r   m i l d   c o n d i t i o n s   and  i n  

e x c e l l e n t   y i e l d s .  

The  n o v e l   c l a s s   of  c o m p o u n d s   of  t h e   p r e s e n t  
i n v e n t i o n   a r e   c o n v e n i e n t l y   p r e p a r e d   by  r e a c t i n g   a n  

a c y l f l u o r i d e   or   k e t o n e   of  t he   g e n e r a l   f o r m u l a  

w i t h   p e r h a l o f l u o r o   p r o p y l e n e   e p o x i d e   of   t h e   f o r m u l a s  

w h e r e   Y,  Rf,  Rf,   a,  b,  X'  and  X   a r e   as  d e f i n e d   a b o v e .  

The  r e a c t i o n s   a r e   done  in   t h e   p r e s e n c e   of   a  f l u o r i d e  

i on   y i e l d i n g   compound   m e t a l   f l u o r i d e - c a t a l y s t   (MF)  a t   a  

t e m p e r a t u r e   and  a  t i m e   s u f f i c i e n t   to   c a u s e   a  r e a c t i o n ,  

p r e f e r a b l y   f rom  -20°C  to  50°C,  in   t h e   l i q u i d   s t a t e ,   d e -  

s i r a b l y   in   a  l i q u i d   s o l v e n t   f o r   t h e   i n t e r m e d i a t e   f l u o r o -  

a l k o x i d e   Y ( C F 2 ) a  -   ( C F R f ) b  -  C F R ' f O - M +   f o r m e d   b e t w e e n  

t h e   a c i d   f l u o r i d e   or  k e t o n e  

and  t h e   m e t a l   or  ammonium  f l u o r i d e ,   f l u o r i n e   ion   y i e l d i n g  

c a t a l y s t   (MF).  The  r e a c t i o n s   p r o c e e d   g e n e r a l l y   a c c o r d i n g  

to  t h e   e q u a t i o n  



T h e s e   a c i d   f l u o r i d e   i n t e r m e d i a t e s   can  t h e n   b e  

r e a c t e d   w i t h   (m+1)  X to  p r o d u c e   e t h e r s   h a v i n g  

t h e   g e n e r a l   f o r m u l ;  

The  l a t t e r   r e a c t i o n   i s   p r e f e r a b l e   when  X=F,  
and  t h e   i n t e r m e d i a t e   i s   to  be  d e c a r b o x y l a t e d   to  a  v i n y l  

e t h e r .   When  X = X ' = C l ,   Br,  o n l y   t h e   f i r s t   r e a c t i o n   i s  

n e c e s s a r y   to  form  t h e   d e s i r e d   c o m p o u n d s .  

w h e r e i n   a  i s   0  or  i n t e g e r   g r e a t e r   t h a n   0 ;  

b  i s   0  or  i n t e g e r   g r e a t e r   t h a n   0 ;  

c  i s   0  or  1  p r o v i d e d   t h a t   a  +  b  +  c  #   0 ;  

m  =  z e r o   or  an  i n t e g e r   g r e a t e r   t h a n   z e r o ;  

n  =  z e r o   or  an  i n t e g e r   g r e a t e r   t h a n   z e r o ;  

Rf  and  Rf  a re   i n d e p e n d e n t l y   s e l e c t e d  

from  t h e   g r o u p   c o n s i s t i n g   of  F,  C l ,  

p e r f l u o r o a l k y l   and  f l u o r o c h l o r o a l k y l ;  

X  =  F ,   Cl  or  B r ;  

X'  =  C l   or  B r ;  

Y  i s   an  a c i d   g r o u p   or  an  a c i d   d e r i v a t i v e  

e a s i l y   c o n v e r t i b l e   to   an  a c i d   g r o u p ;  

C o n v e r s i o n   of  a c i d   h a l i d e s   such   as  t h e   a c i d  

f l u o r i d e s   d e s c r i b e d   h e r e i n   to  c a r b o x y l i c   a c i d s   a n d  



d e r i v a t i v e s   by  r e a c t i o n   w i t h   n u c l e o p h i l e s   i s   w e l l   k n o w n  

to  t h o s e   s k i l l e d   'in  t he   a r t .   For  e x a m p l e ,   c o n v e r s i o n  

of  t h e   a c i d   f l u o r i d e   to  t h e   c o r r e s p o n d i n g   c a r b o x y l i c  

a c i d   i s   e a s i l y   a c c o m p l i s h e d   by  r e a c t i o n   w i t h   w a t e r .  

C o n v e r s i o n   to  e s t e r s   or  a m i d e s   i s   a c c o m p l i s h e d   b y  
r e a c t i o n   w i t h   a l c o h o l s   or  a m i n e s ,   r e s p e c t i v e l y .   T h e  

c a r b o x y l i c   a c i d s   (Z  =  OH)  a r e   e a s i l y   c o n v e r t e d   to   a c i d  

c h l o r i d e s   or  b r o m i d e s   (Z  =  Cl ,   Br)  by  r e a c t i o n   w i t h  

a p p r o p r i a t e   h a l o g e n a t i o n   a g e n t s   s u c h   as  PCl5  or  P B r 5 .  
R e a c t i o n s   of  t h e   c a r b o x y l i c   a c i d   f l u o r i d e   p r o c e e d  

a c c o r d i n g   to  t h e   f o l l o w i n g   e q u a t i o n :  

w h e r e  

Z '  =   OH,  NRR'  or  OR; 

R  a n d   R'  a re   i n d e p e n d e n t l y   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   h y d r o g e n ,   an  a l k y l  

h a v i n g   one  or  more  t h a n   one  c a r b o n   a t o m  

and  a r y l ;  

P  i s   a  c a t i o n   or  c a p a b l e   of   f o r m i n g  

a  c a t i o n ,   s u c h   as  N a  ,   K ,   H ,   e t c .  

I t   i s   of   c o u r s e   to  be  u n d e r s t o o d   t h a t   in   t h e  

r e a c t i o n   of  t h e   a c i d   f l u o r i d e s   or  k e t o n e s   w i t h   t h e  

e p o x i d e s   t he   r a t i o   of   r e a c t a n t s ,   t h e   t e m p e r a t u r e   o f  

r e a c t i o n ,   t he   a m o u n t   of  c a t a l y s t ,   as  w e l l   as  t h e   a m o u n t  

and  k i n d   of  s o l v e n t ,   i n f l u e n c e   t h e   c o u r s e ,   s p e e d   a n d  

d i r e c t i o n   of  t h e   r e a c t i o n .   N a t u r a l l y   t h e   r a t i o   o f  

r e a c t a n t s   b e a r s   more  d i r e c t l y   on  t h e   v a l u e   of  m  and  n  

in  t h e   g e n e r i c   f o r m u l a   t h a n   t h e   o t h e r   f a c t o r s   n o t e d .  

For  e x a m p l e ,   e m p l o y i n g   1  or  more  m o l e s   of  a c i d   h a l i d e  

compound   p e r   mole   of  p e r h a l o f l u o r o   e p o x i d e   r e s u l t s   in   a  



p r o d u c t   r i c h   in  t h e   n=0  p r o d u c t ,   i . e . ,   g r e a t e r   t h a n   1 . 5  

n=0  to  n = l ,   r e s p e c t i v e l y   and  i f   t h e   r a t i o   is   2  to  1 ,  

r e s p e c t i v e l y ,   t h e   n=O  p r o d u c t ,   r e s p e c t i v e l y ,   i s   a b o u t  

92  to  1,  r e s p e c t i v e l y ,   w h e r e a s   e m p l o y i n g   g r e a t e r   t h a n   1 

mole  e p o x i d e   compound   p e r   mole   of  a c i d   f l u o r i d e   c o m -  

pound ,   i . e . ,   2  to  1,  r e s p e c t i v e l y ,   r e s u l t s   in  a  p r o d u c t  

h a v i n g   a  3 : 9 : 1   r a t i o   of  n=2:   n = 1 : n = 0   p r o d u c t s .   T h e  

r a t i o   of  r e a c t a n t s   t h u s   can  r a n g e ,   f o r   p r a c t i c a l   p u r p o s e s ,  
from  a b o u t   2  to  3  m o l e s   of  t h e   a c y l f l u o r i d e   or  k e t o n e  

p e r  m o l e   of   t h e   h a l o f l u o r o   e p o x i d e   to  1  to  20  m o l e s   o f  

the   e p o x i d e   p e r   mole   of  t he   a c y l   f l u o r i d e ,   t h e   h i g h  

a c y l   f l u o r i d e   to  e p o x i d e   p r o d u c i n g   p r e d o m i n a n t l y   t h e  

n=o  and  t he   h i g h   e p o x i d e   to  a c y l   f l u o r i d e   p r o d u c i n g   t h e  

n=2-12   e t h e r ,   r e s p e c t i v e l y ,   and  m i x t u r e s   t h e r e o f .  

S o l v e n t s   e m p l o y e d   in   a c c o r d a n c e   w i t h   t h e  

p r e s e n t   i n v e n t i o n   s h o u l d   be  n o n - r e a c t i v e   ( e . g . ,   do  n o t  

c o n t a i n   h y d r o x y l   g r o u p s )   and  have   a t   l e a s t   a  s o l u b i l i t y  

f o r   t h e   r e a c t a n t s   and  t h e   i n t e r m e d i a t e   f l u o r o a l k o x i d e  

fo rmed   b e t w e e n   t h e   a c y l   f l u o r i d e   or  k e t o n e   compound   a n d  

t he   c a t a l y s t .   W h e t h e r   or  n o t   t he   p r o d u c t s   a re   s i g n i f i -  

c a n t l y   s o l u b l e   in   t h e   s o l v e n t   i s   a  m a t t e r   of  c h o i c e   a n d  

can  be  u s e d   as  a  c o n t r o l l i n g   f a c t o r   f o r   s e l e c t i v e l y  

c o n t r o l l i n g   t h e   n  v a l u e   in   t he   f i n a l   p r o d u c t .   F o r  

e x a m p l e ,   i f   a  h i g h   n  v a l u e   i s   d e s i r e d ,   i t   is   a d v a n -  

t a g e o u s   t h a t   t h e   p r o d u c t   h a v i n g   at   l e a s t   n=O  to  1  b e  

s o l u b l e   in   t he   s o l v e n t   to  g i v e   t he   i n t e r m e d i a t e s   ( n = 0  

and  n=1)  t i m e   to  r e a c t   to  p r o d u c e   t he   f i n a l   n = l ,   2  o r  

h i g h e r   p r o d u c t .   In  a d d i t i o n ,   t he   amount   of   s o l v e n t   c a n  

be  a d j u s t e d   to  a c c o m p l i s h   s o m e w h a t   s i m i l a r   r e s u l t s .  

G e n e r a l l y ,   when  t h e   r a t i o   of   t h e   w e i g h t   of  s o l v e n t   t o  

t he   w e i g h t   of  t h e   a c i d   f l u o r i d e   is   from  a b o u t   0 . 3 : 1   t o  

a b o u t   0 . 8 : 1 ,   f o r m a t i o n   of  t he   n=0  p r o d u c t   is   m a x i m i z e d .  

As  t he   w e i g h t   r a t i o   i n c r e a s e s ,   h i g h e r   n  v a l u e s   a r e  



o b t a i n e d .   A l t h o u g h   t h e r e   i s   no  t h e o r e t i c a l   max imum 

amoun t   of   s o l v e n t   w h i c h   may  be  u s e d ,   one  may  q u i c k l y  

d e t e r m i n e   t h e   w e i g h t   r a t i o   to  be  u s e d   d e p e n d i n g   u p o n  
the   v a l u e   of   t h e   n  t h a t   he  d e s i r e s .   S u i t a b l e   s o l v e n t s  

w h i c h   may  be  e m p l o y e d   to  t a k e   a d v a n t a g e   of  t he   s o l u -  

b i l i t y   p l u s   a m o u n t   f a c t o r   a r e ,   f o r   e x a m p l e ,   t e t r a g l y m e ,  

d i g l y m e ,   g l y m e ,   a c e t o n i t r i l e ,   or  n i t r o b e n z e n e .   E x e m p l a r y  

of  a  p r e f e r r e d   s o l v e n t   is  t e t r a g l y m e   w h i c h   has  a  s u i t a b l e  

s o l v e n c y   f o r   t h e   i n t e r m e d i a t e ,   b u t   in   a  w e i g h t   t o  

w e i g h t   r a t i o   has   l i m i t e d   s o l u b i l i t y   f o r   t h e   p r o d u c t   n = 0  

and  t h e r e f o r e   can   be  u s e d   a d v a n t a g e o u s l y   to  p r e c i p i t a t e  

t he   n=0  p r o d u c t   ( r e m o v e   i t   f rom  t h e   r e a c t i o n   m e d i a ) ,  

e f f e c t i v e l y   c o n t r o l l i n g   ( m i n i m i z i n g )   t h e   p r o d u c t i o n   o f  

h i g h e r   n  v a l u e s ,   y e t   i f   h i g h e r   n  v a l u e s   a r e   d e s i r e d ,  

g r e a t e r   q u a n t i t i e s   of  t he   s o l v e n t   can   be  e m p l o y e d   t o  

d i s s o l v e   t h e   p r o d u c t   n=0  or  an  a m o u n t   s u f f i c i e n t   t o  

m a i n t a i n   a  q u a n t i t y   t h e r e o f   in   t h e   r e a c t i o n   medium  t o  

p e r m i t   t h e   e p o x i d e   to  f u r t h e r   r e a c t   w i t h   t h e   n=0  p r o d u c t  

to  p r o d u c e   h i g h e r   n  v a l u e   p r o d u c t s .   By  c o n t r o l l i n g   t h e  

a m o u n t ,   a g a i n   i t   i s   p o s s i b l e   to  s a l t - o u t   t h e   i n t e r -  

m e d i a t e   n - v a l u e s   as  a  f u n c t i o n   of  t h e i r   s o l u b i l i t y   a n d  

q u a n t i t y   in   t h e   s o l v e n t - r e a c t i o n   m e d i a .  

In  a  s o m e w h a t - s i m i l a r   m a n n e r ,   t h e   c a t a l y s t  

amoun t   f u n c t i o n s   as  a  c o n t r o l   of  t h e   end  p r o d u c t   n  

v a l u e .   W h i l e   t h e   s o u r c e   of   t h e   f l u o r i d e   i o n   i s   n o t  

c r i t i c a l ,   t h e   a m o u n t   of  c a t a l y s t   w i l l   to  a  s i g n i f i c a n t  

m e a s u r e   e s t a b l i s h   t h e   r e a c t i v i t y   of   t h e   a c i d   f l u o r i d e  

and  t h u s   d e t e r m i n e   t h e   r a t e   of  r e a c t i o n   of  t h e   a c i d  

f l u o r i d e   w i t h   t h e   e p o x i d e .   S i g n i f i c a n t   a m o u n t s   of  t h e  

c a t a l y s t ,   up  to  s t o i c h i o m e t r i c   a m o u n t s  b a s e d   on  t h e  

a c i d   f l u o r i d e   or  k e t o n e ,   w i l l   f a v o r   e p o x i d e   r e a c t i n g   o n  

t he   f e e d   a c i d   f l u o r i d e .   W h e r e a s   l e s s e r   c a t a l y t i c  

a m o u n t s ,   w i t h   r e s p e c t   to  t h e   a c i d   f l u o r i d e   w i l l   f a v o r  



t h e   r e a c t i o n   of   t he   e p o x i d e   w i t h   t h e   n=0  a c i d   f l u o r i d e  

p r o d u c t   f o r m i n g   h i g h e r   n  p r o d u c t s .   As  has   b e e n   n o t e d ,  

s u b s t a n t i a l l y   any  f l u o r i d e   i o n i z a b l e   a t   t h e   r e a c t i o n  

c o n d i t i o n s   may  be  u s e d   as  a  c a t a l y s t ,   h o w e v e r ,   CsF  a n d  

KF  a r e   t h e   mos t   p r e f e r r e d   b u t   AgF,  t e t r a   a l k y l   ammonium 

f l u o r i d e   as  w e l l   as  o t h e r s   l i s t e d   by  E v a n s ,   e t   a l . ,  

J.  Org .   Chem.  33  1837  ( 1 9 6 8 )   may  be  e m p l o y e d   w i t h  

s a t i s f a c t o r y   r e s u l t s .  

The  t e m p e r a t u r e   of  t h e   r e a c t i o n   a l s o   e f -  

f e c t u a t e s   a  c o n t r o l l i n g   f a c t o r   on  t h e   end  p r o d u c t  

o b t a i n e d .   For  e x a m p l e ,   low  t e m p e r a t u r e s   s u c h   as  - 2 0 ° C  

f a v o r   n=0  p r o d u c t s   and  h i g h e r   t e m p e r a t u r e s ,   5 0 ° C  a n d  

a b o v e ,   f a v o r   h i g h e r   n  v a l u e s .  

In  summary,   t he   f o l l o w i n g   t a b l e   i l l u s t r a t e s  

t h e   e f f e c t   e a c h   p a r a m e t e r   of  t h e   r e a c t i o n   has   on  t h e   n  
v a l u e   of   t he   f i n a l   p r o d u c t .  

EXAMPLES 

EXAMPLE  1 

90  ml  of  d r y  t e t r a g l y m e   and  3 9 . 5   gms  o f  

a n h y d r o u s   CsF  were  added   to  a  500  ml  3 - n e c k   f l a s k  



e q u i p p e d   w i t h   a  s t i r r e r ,   t h e r m o m e t e r ,   r e f l u x   c o n d e n s e r  

a t   a  t e m p e r a t u r e   of   - 7 8 ° C ,   and  an  i n l e t   p o r t .   D o w n s t r e a m  

of  t h e   r e a c t o r   were   l i q u i d   N2  c o l d   t r a p s   m a i n t a i n e d   a t  

a  t e m p e r a t u r e   of  78°C.   A  s l i g h t   b a c k   p r e s s u r e   w a s  
m a i n t a i n e d   on  t h e   s y s t e m   w i t h   d ry   N 2 .  

The  r e a c t o r   was  c o o l e d   to   0°C  to  5°C  and  1 2 6  

grams  of  f l u o r o s u l f o n y l d i f l u o r o a c e t y l f l u o r i d e  

were   a d d e d   s l o w l y   o v e r   a  20  m i n u t e   p e r i o d   and  t h e n  

a l l o w e d   to  mix  f o r   a n o t h e r   20 -30   m i n u t e s   to  e n s u r e  
f o r m a t i o n   of  t h e   a l k o x i d e .  

64 .3   g rams   o f  were   a d d e d  

s l o w l y   o v e r   an  h o u r   and  45  m i n u t e s   w h i l e   m a i n t a i n i n g  

t h e   r e a c t o r   t e m p e r a t u r e   a t   0°  to  5°C.  A f t e r   t h e   e p o x i d e  

a d d i t i o n ,   t he   c o n t e n t s   were   a l l o w e d   to  mix  f o r   a n  
a d d i t i o n a l   h o u r .   The  t e m p e r a t u r e   was  a l l o w e d   to  r i s e  

to  room  t e m p e r a t u r e .   When  s t i r r i n g   c e a s e d ,   two  s e p a r a t e  

l a y e r s   f o r m e d .   The  b o t t o m   l a y e r   was  d rawn   o f f   a n d  

w e i g h e d   1 0 4 . 7   g r a m s .   VPC  (Vapor   P h a s e   C h r o m a t o g r a p h y )  

a n a l y s i s   of  t h i s   p r o d u c t   showed  92%  n=O  p r o d u c t   a n d  

7.85%  l i g h t s   or  p r o d u c t   f o r m e d   by  r e a c t i o n   of  t h e  

e p o x i d e   w i t h   i t s e l f .  

C o n v e r s i o n   of  t h e   e p o x i d e   was  e s s e n t i a l l y  

c o m p l e t e .   Y i e l d   of  e p o x i d e   to  t h e   n=O  p r o d u c t   w a s  

7 5 . 3 % .  

The  p r o d u c t s   were   a n a l y z e d   f u r t h e r   by  GC-MS 

(Gas  C h r o m a t o g r a p h y - M a s s   S p e c t r o p h o t o m e t r y )   and  t h e  

f o l l o w i n g   c o m p o u n d s   were   i d e n t i f i e d :  



as  t h e   l i g h t  
m a t e r i a l  

as  t he   n = 0  
p r o d u c t  

P r o d u c t s   were   a n a l y z e d   f u r t h e r   by  IR.  T h e  

-COF  g r o u p s   p r e s e n t   a t   1 8 7 0 - 1 8 8 0   wave  n o . ,   -FSO2  g r o u p  
a t   1460  and  1240  wave  n o s . ;   and  -SF  a t   810  wave  n u m b e r  

f o r   n=O  p r o d u c t .  

The  p r o d u c t s   had  r e t e n t i o n   t i m e s   of  1 . 3 5   a n d  

2 . 7 4   m i n u t e s ,   r e s p e c t i v e l y ,   on  a  VPC  u s i n g   s i x   f e e t  

c o l u m n s   of   20%  Vi ton®  on  C e l i t e   Column  t e m p e r a t u r e  

of  6 0 ° C .  

EXAMPLE  2 

35  ml  of  dry   t e t r a g l y m e  a n d   15 .6   gms  C s F  

were   a d d e d   to  a  3 - n e c k   100  ml  f l a s k   e q u i p p e d   w i t h   a  

s t i r r e r ,   t h e r m o m e t e r ,   ( - 7 8 ° C )   r e f l u x   c o n d e n s e r   and  a n  
i n l e t   p o r t .   D o w n s t r e a m   of   t he   r e a c t o r   were   two  ( - 7 8 ° C )  

c o l d   t r a p s   in   s e r i e s .   A  s l i g h t   b a c k   p r e s s u r e   w a s  
m a i n t a i n e d   w i t h   d ry   N2.  T e t r a g l y m e   and  CsF  were   m i x e d  

f o r   45  min .   to  1  h o u r .  

The  r e a c t o r   was  c o o l e d   to  0°C  to  5°C  a n d  

4 9 . 3 2   g rams   of  f l u o r o s u l f o n y l   d i f l u o r o   a c e t y l   f l u o r i d e  



were   a d d e d   s l o w l y   o v e r   a  20  m i n u t e   p e r i o d ,   a l l o w e d   t o  

mix  a t   0°  to   5°C  f o r   2  h o u r s   and  t h e n   t h e   t e m p e r a t u r e  

was  r a i s e d   s l o w l y   to  room  t e m p e r a t u r e   to  e n s u r e   t h e  

f o r m a t i o n   of  t h e   a l k o x i d e .   A f t e r   c o o l i n g   t h e   r e a c t o r  

to  0°C,  25  g rams  of  c h l o r o p e n t a f l u o r o p r o p y l e n e   o x i d e ,  

were   a d d e d   s l o w l y   o v e r   a  3-4   h o u r  

p e r i o d .   A f t e r   t he   e p o x i d e   a d d i t i o n   was  c o m p l e t e ,   t h e  

c o n t e n t s   were   m i x e d   f o r   an  a d d i t i o n a l   h o u r .   The  t e m p -  

e r a t u r e   was  a l l o w e d   to  r i s e   to  room  t e m p e r a t u r e .   When 

s t i r r i n g   was  s t o p p e d ,   two  l i q u i d   p h a s e s   s e p a r a t e d .  
3 8 . 9 4   gms  of  t h e   h e a v y   or  b o t t o m   l a y e r   was  c o l l e c t e d .  

A n a l y s e s   by  VPC  showed   87 .86%  of   n=O  p r o d u c t ,   5%  u n -  

r e a c t e d   r e a c t a n t s ,   and  4.2%  of   a  h i g h e r   m o l e c u l a r   w t .  

p r o d u c t .   T h i s   gave   an  e s s e n t i a l l y   c o m p l e t e   c o n v e r s i o n  

of  t he   e p o x i d e   and  a  68.9%  y i e l d   of  e p o x i d e   to  t h e   n=O 

p r o d u c t .  

The  u n r e a c t e d   r e a c t a n t   (FSO2CF2CFO)  w a s  

d i s t i l l e d   o f f   t h e   p r o d u c t .  

35  ml  of  t e t r a g l y m e   and  8  gm  CsF  were   m i x e d  

f o r   40  m i n u t e s .   The  h e a v i e s   f rom  t h e   above   d i s t i l l a t i o n  

were   a d d e d   s l o w l y   o v e r   a  20  m i n u t e   p e r i o d   and  m i x e d   f o r  

1  h o u r   a t   0°C  to  5°C.  The  r e a c t o r   was  warmed  to  r o o m  

t e m p e r a t u r e   to  e n s u r e   f o r m a t i o n   of  t h e   a l k o x i d e .   A f t e r  

c o o l i n g   a g a i n   to  0°C  to  5°C,  1 9 . 6   grams  o f  

were   a d d e d   s l o w l y   o v e r   a  2-3  h o u r   p e r i o d ,   and  t h e n  

a l l o w e d   to   mix  a t   0°C  to  5°C  f o r   a n o t h e r   h o u r .   T h e  

r e a c t o r   was  warmed  to  room  t e m p e r a t u r e .   A f t e r   s t i r r i n g  

was  s t o p p e d ,   two  s e p a r a t e   l a y e r s   f o r m e d .   3 5 . 6 7   g r a m s  



of  b o t t o m   or  p r o d u c t   l a y e r   was  c o l l e c t e d .   A n a l y s e s   b y  

VPC  showed   12.8%  n=0  p r o d u c t ,   57.4%  n = l ,   and  6.8%  n = 2  

p r o d u c t .   Thus ,   of  t he   n  =  o  p r o d u c t   t h a t   r e a c t e d ,  

45.9%  was  c o n v e r t e d   to  t he   n=l   p r o d u c t .  

The  f o l l o w i n g   p r o d u c t s   were   i d e n t i f i e d   b y  

mass  s p e c t r o m e t e r :  

Mass  s p e c t r o s c o p y   f r a g m e n t a t i o n   p a t t e r n  

r e p o r t e d   c o n s i s t e n t   w i t h   t h i s   s t r u c t u r e   of  n = 2 .  

The  i n f r a r e d   showed   t h e   c h a r a c t e r i s t i c   SO2F 
and  -CO F  b a n d s ,   VPC  r e t e n t i o n   t i m e s   u s i n g   the   c o l u m n  

d e s c r i b e d   in   Example   1  w i t h   a  t e m p e r a t u r e   p r o g r a m   of   4  

min.   a t   60°C,  f o l l o w e d   by  a  r i s e   to  220°C  a t   1 6 ° / m i n .  

were  2 . 7 2 ,   5 . 7 4 ,   and  8 .18   m i n u t e s ,   r e s p e c t i v e l y .  



EXAMPLE  3 

was  a d d e d   d r o p w i s e   to  a  5 0 0   ml  v e s s e l   c o n t a i n i n g   200  gm 

t e t r a g l y m e   and  1 5 . 2   gm  C s F .  T h e  v e s s e l   was  f i t t e d   w i t h   a  
c o l d   f i n g e r   c o n d e n s e r   and  two  t r a p s   on  t he   e f f l u e n t ;  

o n e   d r y   i c e   a c e t o n e   and  t h e   o t h e r   l i q u i d   n i t r o g e n .   T h e  

a c i d   f l u o r i d e   was  s t i r r e d  f o r   one  h o u r   a f t e r   t h e  

a d d i t i o n   was  c o m p l e t e d   and  t h e n  

was  a d d e d   a t   a  r a t e   s u c h   t h a t   no  r e f l u x   was  o b s e r v e d   o n  
t h e   c o l d   f i n g e r .   A  t o t a l   o f  1 8 . 3   gm was  a d d e d ,   k e e p i n g  

t he   t e m p e r a t u r e   b e l o w   3 5 ° C .   A f t e r   c o m p l e t i n g   t h e  

a d d i t i o n ,   t he   m i x t u r e   was  s t i r r e d   f o r   an  h o u r .   T h e  

v e s s e l   c o n t e n t s   w e r e  p o u r e d   i n t o   a  s e p a r a t o r y   f u n n e l  

u n d e r   d ry   n i t r o g e n   b l a n k e t  a n d   t h e   l o w e r   p r o d u c t   l a y e r  

was  a l l o w e d   to  s e t t l e   o u t .   The  p r o d u c t   l a y e r   w a s  

d r a i n e d   o f f   and  a n a l y z e d  c h r o m a t o g r a p h i c a l l y   as :   1  p a r t  

n=3,  1 .1   p a r t s   n=2,   12  p a r t s   n = l ,   4 .6   p a r t s   r e s i d u a l  

n = O .  

EXAMPLE  4 

30  ml  of   d r y  t e t r a g l y m e   and  1 4 . 1 5   gms  ( . 0 9 3 2  

m o l e )   CsF  were   a d d e d   to   a  1 0 0  m l   3 - n e c k   f l a s k   e q u i p p e d  

w i t h   a  s t i r r e r ,   t h e r m o m e t e r ,   ( - 7 8 ° C )   r e f l u x   c o n d e n s e r ,  

and  an  i n l e t   p o r t .   D o w n s t r e a m   of   t h e   r e a c t o r   were   t w o  

( - 7 8 ° C )   c o l d   t r a p s   in   s e r i e s .   A  s l i g h t   b a c k   p r e s s u r e   w a s  



m a i n t a i n e d   on  t h e   s y s t e m   w i t h   d ry   N2.  T e t r a g l y m e   a n d  

CsF  were   mixed   f o r   a t   l e a s t   45  m i n u t e s .  

The  r e a c t o r   was  c o o l e d   to  -20°C  and  1 6 . 8 3   gm 

( . 0 9 3   m o l e s )   o f  

a d d e d .   The  t e m p e r a t u r e   was  b r o u g h t   up  to  2 0 - 2 5 ° C   a n d  

3 0 . 2   gm  o f  

were   added   in  i n c r e m e n t s   of  2  to  3  grams  o v e r   a  4  h o u r  

p e r i o d   w h i l e   m a i n t a i n i n g   t he   r e a c t o r   a t   2 5 - 2 8 ° C .   A f t e r  

t h e   e p o x i d e   a d d i t i o n ,   t h e   c o n t e n t s   were   s t i r r e d   f o r   a n  
a d d i t i o n a l   1 .5   h o u r s .   When  s t i r r i n g   c e a s e d ,   two  s e p a r a t e  

l a y e r s   f o r m e d   and  were   s e p a r a t e d   w i t h   a  s e p a r a t o r y  
f u n n e l .   28  gm  of   p r o d u c t   ( b o t t o m   l a y e r )   w e r e  

c o l l e c t e d .   A n a l y s i s   by  VPC  showed  13.4%  n=O  p r o d u c t ,  

33 .8%  n=l  p r o d u c t ,   and  4.3%  n=2  p r o d u c t .   In  a d d i t i o n ,  

t h e r e   were   p r o d u c t s   ( d i m e r s   and  t r i m e r s )   of  t h e  

e p o x i d e .  

P r o d u c t s   were   a n a l y z e d   f u r t h e r   by  GC-MS  a n d  

t h e   f o l l o w i n g   c o m p o u n d s   were   i d e n t i f i e d :  



EXAMPLE  5 

200  ml  of   d ry   t e t r a g l y m e   and  1 5 . 1 9   gms  ( 0 . 1 0   m o l e s )   o f  

CsF  were   a d d e d   to   a  5 0 0   ml  3 - n e c k  f l a s k   e q u i p p e d   w i t h   a  

s t i r r e r ,   t h e r m o m e t e r ,   ( - 7 8 ° C )   r e f l u x   c o n d e n s e r ,   and  a n  

i n l e t   p o r t .   Two  ( - 7 8 ° C )   c o l d  t r a p s   i n  s e r i e s   w e r e  

l o c a t e d   d o w n s t r e a m   of   t h e   r e f l u x  c o n d e n s e r .   A  s l i g h t  

b a c k   p r e s s u r e   was  m a i n t a i n e d   on  the   s y s t e m   w i t h   d ry   N 2 '  
A f t e r   s t i r r i n g   f o r   1  h o u r ,  t h e   r e a c t o r   was  c o o l e d   t o  

- 5 ° C ,   and  5 1 . 2 2   gms  ( 0 . 2 0   m o l e s )   of  m e t h y l   p e r f l u o r o -  

g l u t a r y l   f l u o r i d e  



were   a d d e d   d r o p w i s e .   The  r e a c t a n t s   in   t h e   r e a c t o r   w e r e  

s t i r r e d   o v e r n i g h t   a t   room  t e m p e r a t u r e .   R e a c t o r   w a s  

c o o l e d   to  -5°C  and  1 8 . 2 5   gms  ( 0 . 1 0   m o l e s )   of  c h l o r o p e n t a -  

f l u o r o   p r o p y l e n e   o x i d e  

were   a d d e d   s l o w l y .   A f t e r   t h e   e p o x i d e   a d d i t i o n   w a s  

c o m p l e t e ,   s a m p l e s   were   t a k e n   a f t e r   30  min .   and  1 .5   h r .  

and  a n a l y z e d   by  VPC.  The  t e m p e r a t u r e   was  t h e n   r a i s e d  

to  room  t e m p e r a t u r e   o v e r   one  h o u r   p e r i o d   and  s a m p l e  

a n a l y z e d   by  VPC. 

The  p r o d u c t s   were   d i s t i l l e d   o u t   of   t h e   r e a c t o r  

u n d e r   30"  vacuum  w h i l e   h e a t i n g   to  160°C .   The  o v e r h e a d  

t e m p e r a t u r e   was  65°C  a t   t h i s   p o i n t .   4 9 . 3 8   gm  of   t h e  

p r o d u c t   was  c o l l e c t e d   in   t h e   f i r s t   c o l d   t r a p   and  2 .5   gms 

was  c o l l e c t e d   in   t he   s e c o n d   t r a p .   The  p r o d u c t s   w e r e  

a n a l y z e d   by  VPC. 

The  m a t e r i a l   c a u g h t   in   t h e   f i r s t   c o l d   t r a p  

was  d i s t i l l e d   in   a  m i c r o c o l u m n   to  r e m o v e   t h e   u n r e a c t e d  

m e t h y l p e r f l u o r o g l u t a r y l   f l u o r i d e .   A l l   m a t e r i a l   b o i l i n g  

up  to  145°C  was  r e m o v e d   in   t h i s   m a n n e r .   E v e r y t h i n g  
h e a v i e r   was  r e t a i n e d   in   t he   p o t   and  w e i g h e d   1 8 . 4 4  

g r a m s .   H e a v i e s   were   a n a l y z e d   by  VPC,  mass  s p e c t r o s c o p y  

and  I . R .   ( I n f r a   R e d ) .  

P e a k s   on  t h e   VPC  were   7 . 2 1 ,   7 . 6 2 ,   8 . 8 6 ,   a n d  

1 0 . 4 7   m i n u t e s .   Mass  s p e c t r o s c o p y   showed   t h a t   t h e   7 . 2 1  

p e a k   had  t h e   s t r u c t u r e  



t h e   8 . 8 6   p e a k   had  t h e   s t r u c t u r e  

IR  a n a l y s i s   showed   b a n d s   a t   2960,   1860 ,   a n d  

1 7 7 0 - 1 7 8 0   Cm1.  The  1860  Cm-1  b a n d   i s   t he   -COF  g r o u p   a n d  

t h e   1 7 7 0 - 1 7 8 0   Cm-1  is   t h e   e s t e r  g r o u p .   The  2960  Cm 1  

i s   due  to  t he   CH3  g r o u p .  

E x a m p l e   6 

25  ml  of  t e t r a g l y m e   and  6 .9   gms  of  CsF  w e r e  
a d d e d   to   a  50  ml,  3  n e c k   f l a s k   e q u i p p e d   w i t h   a  s t i r r i n g  

b a r ,   t h e r m o m e t e r ,   r e f l u x   c o n d e n s e r ,   and  an  i n l e t   p o r t .  
Two  ( - 7 8 ° C )   c o l d   t r a p s   in   s e r i e s   w e r e   l o c a t e d   d o w n s t r e a m  

of  t h e   r e f l u x   c o n d e n s e r .   A  s l i g h t   b a c k p r e s s u r e   w a s  
m a i n t a i n e d   on  t h e   s y s t e m   w i t h   d ry   N2.  The  t e t r a g l y m e  

and  CsF  were   a l l o w e d   to  mix  f o r   1  h o u r   a t   room  t e m p e r a -  

t u r e ,   l o w e r e d   to  1 0 ° C - 2 0 ° C ,   and  48  g rams   of  FS02CF2CFO 

were   a d d e d   and  a l l o w e d   to  mix  f o r   1  h o u r .   The  m i x t u r e   w a s  

c o o l e d   to  0°C  and  25  grams  o f  were   a d d e d   o v e r  

an  h o u r   and  20  m i n u t e   p e r i o d ,   w h i l e   m a i n t a i n i n g   a  

t e m p e r a t u r e  o f   0°C  to  10°C.   A f t e r   m i x i n g   a t   t h i s  

t e m p e r a t u r e   f o r   2  h o u r s ,   t h e   t e m p e r a t u r e   was  i n c r e a s e d  

to  room  t e m p e r a t u r e .   The  p r o d u c t   was  s e p a r a t e d   as  a  

c l e a r ,   d e n s e ,   b o t t o m   l a y e r .   5 0 . 5  g r a m s   were  r e c o v e r e d  

w h i c h   was  d e t e r m i n e d   to  be  8 0 . 1 6 %  



by  VPC  a n a l y s i s .  

The  l o w e r   b o i l i n g   c o m p o n e n t s   were   r e m o v e d  

l e a v i n g   a  m i x t u r e   c o n t a i n i n g   88.6%  of  t he   d e s i r e d   a c i d  

f l u o r i d e .  

5  ml  of   t e t r a g l y m e   and  1.7  gms  CsF  were   a d d e d  

to  a  50  ml  3  n e c k   f l a s k   e q u i p p e d   as  above   and  t h e  

m i x t u r e   was  s t i r r e d   f o r   30  m i n u t e s .   5  g rams   of  d i s t i l l e d  

were   added   and  mixed   a t   1 0 0 - 2 0 0 C   f o r  

1  h o u r .   1 . 4   gms  o f  w e r e   a d d e d   w h i l e   m a i n -  

t a i n i n g   a  t e m p e r a t u r e   of  0°  to  10°C,  and  h e l d   a t   t h i s  

t e m p e r a t u r e   f o r   1  h o u r .   The  t e m p e r a t u r e   was  i n c r e a s e d  

to  room  t e m p e r a t u r e ,  5   ml  of  t e t r a g l y m e   a d d e d ,   and  t h e  

p r o d u c t   s e p a r a t e d   f rom  t h e   s o l v e n t .   3 .0   g rams  o f  

p r o d u c t   were   o b t a i n e d   and  a n a l y z e d   as  6 3 . 9 8 %  

h a v i n g   a  6 . 4 7   m i n u t e   r e t e n t i o n   on  t h e   VPC  and  c o n f i r m e d  

by  I . R .   and  mass  s p e c t r o s c o p y .  



1.  A  c o m p o s i t i o n   r e p r e s e n t e d   by  t h e   g e n e r a l  

f o r m u l a  

w h e r e  

a  =  0  or  an  i n t e g e r   g r e a t e r   t h a n   O; 

b  =  0  or  an  i n t e g e r   g r e a t e r   t h a n   O; 

c  =  0  or  1  p r o v i d e d   t h a t   a  +  b  +  c  #   0 ;  

m  =  O  or  an  i n t e g e r   g r e a t e r   t h a n   z e r o ;  

n  =  z e r o   or  an  i n t e g e r   g r e a t e r   t h a n   z e r o ;  

Rf  and  R'f  a r e   e a c h   i n d e p e n d e n t l y   s e l e c t e d  

f rom  t h e   g r o u p   c o n s i s t i n g   of  F,  C l ,  

p e r f l u o r o a l k y l   and  f l u o r o c h l o r o a l k y l ;  

X  =  F,  Cl,   Br,  or  m i x t u r e s   t h e r e o f   when  n  >  1 ;  

X '  =   Cl,   Br,  or  m i x t u r e s   t h e r e o f ;  

Y  i s   an  a c i d   g r o u p   or  an  a c i d   d e r i v a t i v e   e a s i l y  

c o n v e r t i b l e   to  an  a c i d   g r o u p ;  

Z  =  F,  Cl,  Br,  OH,  NRR'  or  OA; 

R  a n d   R'  a r e   i n d e p e n d e n t l y   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   h y d r o g e n ,   an  a l k y l  

h a v i n g   one  or  more  c a r b o n   atom  and  a r y l ;  

A  =  a l k a l i   m e t a l ,   q u a t e r n a r y   n i t r o g e n ,   or  R .  



2.  The  c o m p o u n d s   of   C l a i m   1  w h e r e   Y  i s  

s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

w h e r e  

Z'  i s   F,  Cl,   Br,  OH,  NRR'  or  OA 

R  a n d   R'  a r e   i n d e p e n d e n t l y   s e l e c t e d   f r o m  

t h e   g r o u p   c o n s i s t i n g   of   h y d r o g e n ,   a n  

a l k y l   h a v i n g   one  or  more  t h a n   o n e  
c a r b o n   atom  and  an  a r y l ,  

A  is   an  a l k a l i   m e t a l ,   q u a t e r n a r y   n i t r o g e n  

or  R .  

3.  The  c o m p o u n d s   of   C l a i m   1  or  2  w h e r e i n   n  =  

0  -   6  and  m  =  0  -   6 .  

4.  The  c o m p o u n d s   of   C l a i m   1,  2  or  3  w h e r e i n  

X '  =   C l .  

5.  The  c o m p o u n d s   of  C l a i m s   1,  2  or  3  w h e r e i n  

X  = F  a n d  n   i s   1  to  4 .  

6.  The  c o m p o u n d s   of  C l a i m s   1,  2  or  3  w h e r e i n  

X  =  F ,   X '  =   Cl  and  n  i s   one  and  m  i s   z e r o .  

7.  A  m e t h o d   f o r   p r e p a r i n g   c o m p o u n d s   of  t h e  

f o r m u l a  



w h i c h   c o m p r i s e s   r e a c t i n g   c o m p o u n d s   of  t he   f o r m u l a  

w i t h   c o m p o u n d s   of  t h e   f o r m u l a  

f o r   a  t i m e   and  a  t e m p e r a t u r e   s u f f i c i e n t   to  f o r m  

s a i d   c o m p o u n d ;  

w h e r e i n  

a  =  0  or  an  i n t e g e r   g r e a t e r   t h a n   O; 

b  =  0  or  an  i n t e g e r   g r e a t e r   t h a n   O; 

c  =  0  or  1  p r o v i d e d   a  +  b  +  c  #   0 ;  

n  =  z e r o   or  an  i n t e g e r   g r e a t e r   t h a n   z e r o ;  

Rf  and  Rf  a re   e a c h   i n d e p e n d e n t l y   s e l e c t e d  

from  t he   g r o u p   c o n s i s t i n g   of  F,  C l ,  

p e r f l u o r o a l k y l   a n d  f l u o r o c h l o r o a l k y l ;  
X'  i s   i n d e p e n d e n t l y   Cl  or  B r ;  

Y  i s   an  a c i d   g r o u p   or   an  a c i d   d e r i v a t i v e   e a s i l y  

c o n v e r t i b l e   to   an  a c i d   g r o u p ;  

8.  The  m e t h o d   of   C l a i m   7  w h e r e i n   n  =  O -   6 ,  

a  =  O  -   3  and  b  =  O -   3 .  

9.  The  m e t h o d   of   C l a i m   7  or  8  w h e r e i n   Y  i s  

s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   o f  

w h e r e   Z'  is   F,  Cl,  Br,   OH,  NRR'  or  OA; 

R  a n d   R'  a re   i n d e p e n d e n t l y   s e l e c t e d   f r o m  

the   g r o u p   c o n s i s t i n g   of   h y d r o g e n ,   a n  

a l k y l   h a v i n g   one  or  more  t h a n   o n e  

c a r b o n   atom  and  an  a r y l ,  



A  is   an  a l k a l i   m e t a l ,   q u a t e r n a r y   n i t r o g e n  

or  R.  

10.  The  m e t h o d   of  C la im   7,  8  or  9  w h e r e i n   n  

=  O  or  1  and  X '  =   C l .  

11.  A  m e t h o d   f o r   p r e p a r i n g   c o m p o u n d s   of   t h e  

f o r m u l a  

w h i c h   c o m p r i s e s   r e a c t i n g   c o m p o u n d s   of   t h e   f o r m u l a  

w i t h   c o m p o u n d s   of  t h e   f o r m u l a  

f o r   a  t i m e   and  a  t e m p e r a t u r e   s u f f i c i e n t   to  form  s a i d  

c o m p o u n d ;  

w h e r e i n  

a  =  0  or  an  i n t e g e r   g r e a t e r   t h a n   O; 

b  =  0  or  an  i n t e g e r   g r e a t e r   t h a n   0 ;  

c  =  0  or  1  p r o v i d e d   a  +  b  +  c  #   0 ;  

m  =  z e r o   or  an  i n t e g e r   g r e a t e r   t h a n   z e r o ;  

n  =  z e r o   or  an  i n t e g e r   g r e a t e r   t h a n   z e r o ;  

Rf  and  R ' f   a re   e a c h   i n d e p e n d e n t l y   s e l e c t e d  

from  the   g r o u p   c o n s i s t i n g   of  F,  C l ,  

p e r f l u o r o a l k y l   and  f l u o r o c h l o r o a l k y l ;  



X'  i s   i n d e p e n d e n t l y   Cl  or  B r ;  

X  =  F,  Cl,  Br,   or  m i x t u r e s   t h e r e o f   when  n ≥   1 ;  

Y  is   an  a c i d   g r o u p   or  an  a c i d   d e r i v a t i v e   e a s i l y  

c o n v e r t i b l e   to  an  a c i d   g r o u p .  

12.  The  m e t h o d   of  Cla im  11  w h e r e i n   a  =  0  -  

3,  b  =  0 - 3 ,   n  =  O-6  and  m  =  0 - 6 .  

13.  The  m e t h o d   of  Cla im  11  or  12  where   Y  i s  

s e l e c t e d   from  t h e   g r o u p   c o n s i s t i n g   o f  

w h e r e   Z'  i s   F,  Cl,   Br,   OH,  NRR'  or  OA; 
R  a n d   R'  a r e   i n d e p e n d e n t l y   s e l e c t e d   f r o m  

t h e   g r o u p   c o n s i s t i n g   of  h y d r o g e n ,   a n  

a l k y l   h a v i n g   one  or  more  t h a n   o n e  

c a r b o n   a tom  and  an  a r y l ,  

A  i s   an  a l k a l i   m e t a l ,   q u a t e r n a r y   n i t r o g e n  

or   R .  

14.  The  m e t h o d   of  Cla im  11,  12  or  13  where   X  =  F  a n d  

X '  =   C l .  

15.  A  m e t h o d   f o r   p r e p a r i n g   compounds   of  t h e  

f o r m u l a  



w h i c h   c o m p r i s e s   r e a c t i n g   c o m p o u n d s   of  t h e   f o r m u l a  

w i t h   c o m p o u n d s   of  t h e   f o r m u l a   PZ  f o r   a  t i m e   and  t e m p e r a -  

t u r e   s u f f i c i e n t   to  form  s a i d   c o m p o u n d ;  

w h e r e i n   a  =  0  or  an  i n t e g e r   g r e a t e r   t h a n   O; 

b  =  0  or  an  i n t e g e r   g r e a t e r   t h a n   O; 

m  =  z e r o   or  an  i n t e g e r   g r e a t e r   t h a n   z e r o ;  

n  =  z e r o   or  an  i n t e g e r   g r e a t e r   t h a n   z e r o ;  

Rf  and  R'f  a re   e a c h   i n d e p e n d e n t l y   s e l e c t e d  

from  t he   g r o u p   c o n s i s t i n g   of  F,  C l ,  

p e r f l u o r o a l k y l   and  f l u o r o c h l o r o a l k y l ;  

X  =  F,  Cl,  Br,  or  m i x t u r e s   t h e r e o f   when  n > 1 ;  

X'  i s   i n d e p e n d e n t l y   Cl  or  B r ;  

Y  is   an  a c i d   g r o u p   or  an  a c i d   d e r i v a t i v e   e a s i l y  

c o n v e r t i b l e   to   an  a c i d   g r o u p ;  
Z  =  OH,  NRR'  or  OR; 

R  a n d   R'  a re   i n d e p e n d e n t l y   s e l e c t e d   f rom  t h e  

g roup   c o n s i s t i n g   of  h y d r o g e n ,   or  an  a l k y l  

h a v i n g   one  or  more  t h a n   one  c a r b o n   atom  a n d  

a r y l ;  

P  i s   a  c a t i o n   or  a  g r o u p   t h a t   fo rms   a  c a t i o n .  
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